Eukaryotic DNA topoisoaerase I introduces transient tingle-stranded breaks on donble-stranded DNA and spontaneously breaks down sin(le-stranded DNA.
MATERIALS AND METHODS

Ensvmcs
The reaction wit carried out at 10 C for 1 hour and then stopped with 300 |il 5 iH Ni EDTA and 7* (w/v) glycerol. 10 ul of the Hpall cut SV40 DNA was labeled similarly except that dATP and dTTP were omitted in the reaction mixture. Gel Isolation of the end-labeled SV40 rettriotion fragment!.
The reaction mixture containing the end-labeled SV4O DNA restriction fragment! wat loaded onto a 1.8% igarote gel in a horizontal gel apparatm containing TBE electrophoresis buffer (8) and 0.S |ig/ml ethidium bromide. Eleotrophoretit was carried out in the dark. Restriction fragments were itolated from the gel by cutting a slot ahead of each gel band (visualized by hand UV light) and electrophoresing the DNA into the slot. A piece of dialysis membrane was inserted into each slot to block the DNA from pitting through the slot.
The electrodes were then reversed for 30 seconds in order to avoid any nonspeciflo binding of the DNA to the menbrane. DNA was collected from the slots, made 0.6 H NaCl and extracted three times with n-butanol to remove the ethidium.
DNA was then ethanol precipitated, washed and redissolved in a proper buffer for the digestion with another restriction enzyme.
DMA sequencing.
DNA restriction fragments isolated from the agarose gel were redigested with various restriction enzymes. The fragments were then isolated using a native 5% polyacrylaaide gel (9). DNA fragments were extracted from the gel as described (9). These double-digested restriction fragments were then used for DNA sequencing (9) and topoisomerase cleavage. (Fig 1, lanes a and c respectively) .
Previously, we have reported that when 5'-end labeled DNA was used and the topo I cleavage products were analyzed by the same gel system (0.1% SDS in the electrophoresis buffer), all the products showed mobility shifts before and after the proteinase I treatment due to the removal of the covalently bound topo I (6). When 3'-end labeled DNA was used and the products treated with proteinase E (Fig. 1, lane were run parallel to the sequencing ladders. Because the cleavage products produced by topo I treanent possess 5 '-CH ends (6,10,11) rather than 5 '-phosphoryl ends which are produced by cheaical cleavages (9), the topo I cleavage products were phosphorylated by T4 polynucleotide kinase for accurate sixe comparisons with the sequencing ladders. Phosphorylation of the S'-OH ends of the topo I cleavage products increased their mobilities in the gel as expected (compare lanes A and B, and lanes E and F) (12). Then the double-stranded DNA fragment was used as the substrate, one topo I cleavage site (nucleotide 5231-5232) was revealed, (Fig.2, lanes E  and F) . Bowever, two sites were clearly present when the corresponding single-stranded DNA was used as the substrate (Fig.2, lanes A and B) . One Table 2 
